Abstract-A new configuration of wideband bandpass filter (BPF) with notched bands is presented. Proposed BPF is based on stepped-impedance resonator. By utilizing dual steppedimpedance resonators in folded topology a rectangular-ring resonator is formed. Two notched bands in the passband are achieved without using asymmetrical coupled lines. In other words, the filter configuration is capable of producing notched bands.
I. INTRODUCTION
Since wideband communication may interfere with other communication standards various filters with notched bands, specially for ultra-wideband (UWB), have been reported. The reported filter in [1] exhibits a notch-band response by utilizing asymmetrical interdigital coupled feed lines. To improve the rejection level, the width of one signal path of the feed line has been changed. The measured notched-band rejection level is about 11.4 dB with the fractional bandwidth (FBW) of 3.5%. On the other hand, the ring resonators are very popular in design of wideband filters [2] - [5] . Ring resonator filters can provide a wide bandwidth and sharp cut-off frequencies. Therefore, in this study a ring resonator is used to provide a wide bandwidth with capability of rejecting interference signals of other communication channels.
II. INTRODUCTION AND ANALYSIS OF PROPOSED FILTER
In this section proposed filter is introduced and design parameters are presented.
A. Filter Configuration
The proposed filter configuration, with coupled feed lines is shown in Fig. 1 . The core consists of a form and two folded stepped-impedance resonators. It can be shown that by connecting these two stepped-impedance resonators via a stub with width of 5 , the filter can present a notched band. On the other hand, by adding this stub a rectangular-ring resonator is also formed. The length of the stub is 1 − 3 as shown in Fig. 1 .
B. Filter Design and Analysis of Resonant Frequencies
Design parameters are extracted and studied to investigate the filter performance. Since the filter is symmetrical, even and odd modes analysis approach can be applied to analyze it [6] . Equivalent circuit of even and odd modes are shown in Fig. 2 . For odd-mode excitation the middle points of the filter structure, which form the symmetrical plane, are short circuited while for even-mode excitation they are open circuited. Resonance conditions can be used to extract resonant frequencies by assuming = 0 or = 0 from even-and odd-mode equivalent circuits, respectively. After analysis of the filter, results can be explained with the aid of Figs. 3, 4, and 5. As it can be seen from Fig. 3 , a triple-mode filter, based on 1 , 2 , and 3 , is constructed which 3 is after the notched band resonant frequency, i.e. . 1 and 2 control the filter selectivity. It has been assumed that 3/ 5 = 1.6/0.2 to obtain this figure. By increment of 1 , the range of this behavior is restricted as shown in Fig. 3 . For a wider 1 , a narrower 2 is required which may entail higher cost and accuracy of implementation process. With given values of design parameters, 2 and are very close together. So, let's change 3/ 5 to 1.6/0.8 and observe the frequency response variation of the resonator. The result is depicted in Fig. 4 . The most obvious change is increment of the number of filter resonant frequencies. 4 and 3 has been added.
978-1-4673-1088-8/12/$31.00 ©2012 IEEE Hence, the second passband after the notched band, has an additional resonant frequency, 4 , which is very close to 2 and can lead to a sharp filter. In addition, 3 can increase the attenuation of the upper stopband. By increasing 2 / 1 , 2 and 3 becomes very close together while 4 and 2 split away. For 1 = 0.8 mm, no additional resonant frequency is appeared as shown in Fig. 4 . Although no increase in resonant frequency for 1 = 0.8 is seen in Fig. 5 , but there are some interesting changes in filter frequency response for additional resonant frequencies of 1 = 1.6. 3 and 2 distance has increased which shows a wider upper stopband compared to Fig. 4 . The similar words about more separation of and 2 is true. Another change is that 3 and 4 are closer together under these circumstances and this closeness is more obvious by increment of 2 / 1 . This behavior is quite different as shown in Fig. 4 , where 3 and 4 are not strongly affected by variation of 2 / 1 and more far away from each other. By now, it can be concluded that 5 can affect on displacement of the notched band, as mentioned above. It should be noted that the width change of 5 can change the filter performance and clearly restricts the notched band displacement. while other parameters are: 1 = 4.8, 2 = 6.6, 3 = 1.6, 4 = 1, 3 = 1.6, and 5 = 1.6 unit: mm. while other parameters are: 1 = 0.8, 2 = 0.2, 3 = 1.6, and 4 = 1, unit: mm. Now, variation of 1 / 2 on the filter response is investigated and results are exhibited in Fig. 6 . By a wider 5 , the upper stopband is more selective than the lower stopband for higher ratio of 1 / 2 . Wider 5 results in wider bandwidth of the first passband before notched band, and this is more obvious for lower ratio of 1 / 2 . However, a wider 5 requires a longer 1 which shows a drawback of a wide 5 due to increase the filter size. It can be seen in Fig. 6 that for 1 / 2 near one, a wider upper stopband is expected at the cost of losing filter selectivity. Fig. 3 showed that for ratio of 3 / 5 = 1.6/0.2 when ( 3 + 4 )/ 2 = 0.39, there are two resonant frequencies less than in the case of 3 / 5 = 1.6/0.8 or 3 / 5 = 1.6/1.6. However, Fig. 7 exhibits that it is possible to have these additional resonant frequencies by choosing a small ratio of ( 3 + 4 )/ 2 . But, this appearance frontier of these additional frequencies is very limited, i.e. from 0.12 to 0.39 for 2 = 0.2. So, it can be concluded that the main factor of appearance of these resonant frequencies is 5 . It should be noted that to obtain Fig. 7 , the stub with the width of 5 is placed in the middle of the stub with the length of 3 + 4 . The effect of ( 3 + 4 )/ 2 on the filter selectivity can be easily seen in Fig. 7 . For small ratios, the filter can provide a sharp lower stopband because 1 and 1 are close together. In case of upper stopband, by proper design parameters not only a sharp cut-off is expected but also a wider stopband, due to 3 , is appeared . For middle ratios, the filter is less selective for both upper and lower stopbands compared to small ratios. However for ratio near one, the upper stopband is more selective than the lower one at the cost of lower bandwidth of the first passband. Because of page limit, it is not possible to present more information on the filter operation, for example variation of ( 3 + 4 )/ 2 in the case of 5 = 0.8. However, the presented information can give a perspective on the filter performance. It is important to note that to save the filter size, a meander line can be applied for stub with the width of 5 . In conclusion, in the proposed structure the stub with width of 5 by providing a new signal path, can cause to a notched band. So, by providing the other signal paths, the other notched bands are possible. 
III. SIMULATION RESULTS
A substrate with a relative dielectric of 10.2 and thickness of 1.27 mm is chosen for implementation of the proposed filter. Fabrication tolerance dictation do not allow width and gaps of lower than 0.2 mm. Final filter structure along with its physical parameters are shown in Fig. 8 . Full-wave simulation results are illustrated in Fig. 9 , which are obtained with the aid of Advanced Design System (ADS) software. It should be noted that the return loss, i.e. 11 , is near 11.1 dB in the first passband. That is because of dictation of fabrication as mentioned earlier. By choice of gaps of 0.15 mm for coupled feed lines a better 11 is possible. The first notched band is at the frequency of 5.13 GHz with -10 dB FBW of 2.7% and rejection of -25.9 dB while the second notched band center frequency is seen at 7.11 GHz, with -10 dB FBW of 4% and rejection of -30.9 dB.
IV. CONCLUSION
A novel rectangular-ring resonator by using stepped impedance resonator with notched bands was proposed. Achievement of the notched bands with good rejection are possible without using any asymmetrical coupled lines.
